It has been known for numerous decades that gene expression is required for long-lasting forms of memory. In the past decade, the study of epigenetic mechanisms in memory processes has revealed yet another layer of complexity in the regulation of gene expression. Epigenetic mechanisms do not only provide complexity in the protein regulatory complexes that control coordinate transcription for specific cell function, but the epigenome encodes critical information that integrates experience and cellular history for specific cell functions as well. Thus, epigenetic mechanisms provide a unique mechanism of gene expression regulation for memory processes. This may be why critical negative regulators of gene expression, such as histone deacetylases (HDACs), have powerful effects on the formation and persistence of memory. For example, HDAC inhibition has been shown to transform a subthreshold learning event into robust long-term memory and also generate a form of long-term memory that persists beyond the point at which normal long-term memory fails. A key question that is explored in this review, from a learning and memory perspective, is whether stress-dependent signaling drives the formation and persistence of long-term memory via HDAC-dependent mechanisms.
Introduction
In the search to elucidate the mechanisms involved in memory formation, researchers have been continuously faced with the following question: what mechanisms allow or initiate the formation of persistent long-term memories? It is clear that not all long-term memories are created equally as some memories last a lifetime and are particularly resistant to interference, while others last days or weeks and are fragile. Stress in particular has been known to initiate molecular and hormonal responses in the brain that prompt the formation of persistent and resilient forms of long-term memory. Stress plays a pivotal role in the interactions between animals and their environment. The memories of stressful experiences are often linked with increased survival rates as those memories serve to predict the occurrence of similarly stressful events in the future. In this review, we will discuss epigenetic mechanisms that act as a possible gateway to long-term memory formation and how stress might create persistent long-term memories by manipulating these epigenetic mechanisms.
Since Agranoff, Davis, Casola, and Lim (1967) first showed that transcription was required for long-term memory formation in goldfish, our understanding of the various mechanisms that regulate gene expression necessary for long-term memory has dramatically improved (Alberini, 2009; Barrett & Wood, 2008) . In general, interest in epigenetics has substantially expanded over the past 2 decades. This review will promote the hypothesis that epigenetic mechanisms regulate transcription necessary for the formation and the persistence of long-term memories. There are several epigenetic mechanisms that modify and manipulate chromatin structure in the service of regulating transcription. Among these mechanisms are chromatin modification (e.g. histone acetylation), DNA methylation and chromatin remodeling (e.g. nucleosome remodeling). Chromatin modification refers to post-translation modifications of core histone proteins through methylation, acetylation and phosphorylation (Kouzarides, 2007) . While DNA methylation modifies DNA through the addition or removal of methyl groups, but has become significantly more complicated as discussed in Li, Wei, Ratnu, and Bredy (2013) . Finally, chromatin remodeling involves large multi-subunit complexes that can alter nucleosome positioning and the wrapping of DNA (reviewed in Hargreaves & Crabtree, 2011; also see Vogel-Ciernia et al., 2013 , with respect to memory). These epigenetic mechanisms can repress or enhance transcription by compressing or relaxing chromatin structure, respectively. These same epigenetic mechanisms
